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[Title of Dociiment] Specification 

[Title of Invention] Soft vinyl chloride resin composition 
[Scope of Claim for Patent] 

[Claim 1] A soft vinyl chloride resin composition 
comprising 100 parts by weight of a vinyl chloride resin; 20 to 
150 parts by weight of thermoplastic polyurethane ; and 60 to 150 
parts by weight of composite alkyl phthalic ester having the 
following chemical structure 
[Chemical Structure] 




coo C»vH2n-hi 
COO CmH2m+ 1 



wherein m and n are 7 to 9 . 

[Detailed Description of the Invention] 
[0001] 

[Industrial Field of Utilization] 

The present invention relates to a soft vinyl chloride resin 
composition having a wide applicable temperature range and 
excellent heat resistance, cold temperature resistance and long- 
term durability and a steering wheel pad made of the same soft 
vinyl chloride resin composition. 
[0002] 

[Prior Art] 

Since the soft vinyl chloride resin is tough and excellent 
in flame retardancy, it has heretofore been widely used for 
automobile components such as steering wheel pads and assist 
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grips, and hoses, films, artificial leathers, gaskets and 
conductor coverings. 

It is required that the soft vinyl chloride resin used for 
the steering wheel pad among the automobile components have 
excellent heat resistance, migration resistance and low 
volatility. 

On the other hand, the energy absorbing mechanism and the 
air bag mechanism have recently been adopted for the steering pad 
having a new specification from a view point of enhancement in 
safety. It is required that the steering pad have a sufficient 
flexibility without becoming brittle even at low temperatures. 
In other words, this component is required to possess flexibility 
also at low temperatures, for example, about -40 C as well as the 
properties which the soft vinyl chloride'^ resin has heretofore 
possessed. 
[0003] 

An approach to improve the properties of the vinyl chloride 
resin at low temperatures includes mixing of a plasticizer. It 
is known that the glass transition temperature (Tg) can be freely 
controlled by changing the kind of the plasticizer and the 
loadings. However, it is necessary to load much plasticizer to 
provide low temperature flexibility even at -40 °C. This will 
cause problems in surface stickiness, heat resistance of the 
resin and bleeding and volatility of the plasticizer. 

As an approach to overcome these problems, it is known that 
some or all of the plasticizer is replaced with a thermoplastic 
elastomer having an excellent low temperature resistance. 

Particularly, loading of a thermoplastic polyurethane resin 
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has been proposed by, for example, Japanese Unexamined Patent 
Publications Nos . Sho 55-116747, Sho 52-108454, Sho 53-18656, Sho 
60-92345 since it has a good compatibility with the vinyl 
chloride resin. 
[0004] 

However, these approaches do not satisfy the requirements 
for low temperature resistance and good balance between the 
temperature resistance and heat resistance, volatility resistance 
and bleed resistance. No composition which has a wide applicable 
temperature range and is excellent in both heat resistance and 
low temperature resistance has been found out yet. 

In view of these points, the present assignee has proposed 
a soft vinyl chloride resin in which thermoplastic polyurethane 
and a sebacic acid plasticizer is mixed with vinyl chloride resin 
at a given ratio in Japanese Patent Application No. Hei 1- 
279455). 
[0005] 

[Problem that is to be solved by the Invention] 
The soft vinyl chloride has the following problems. The 
soft vinyl chloride resin has a peak temperature of tan main 
dispersion of not higher than -15 ^C, which is a measure of the 
glass transient temperature (Tg) and exhibits no brittle of the 
material even at -40 '^C and has a high tensional modulus at higher 
temperatures. Accordingly, it is excellent in physical 
properties such as flexibility and modulus in a wide range from 
a low temperature of -40 °C to a high temperature of 100 in 
comparison with conventional soft vinyl chloride resins. 

However, since this resin has a high volatility weight loss 
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on thermal aging, it can not be applied for functional components 
such as steering wheel having new specifications requiring severe 
demand for durability and heat resistance. 

The present invention was made in order to overcome the 
above mentioned problems. It is, therefore, an object of the 
present invention to provide a soft vinyl chloride resin 
component having flexibility and long-term service durability 
properties such as heat resistance, thermal aging resistance and 
sunlight resistance in a practical temperature range from -40 C 
to 100 C, and a steering wheel pad which is molded from the same 
resin composition. • 
[0006] 

[Means for solving the Problem] 

The present invention provides a soft vinyl chloride resin 
composition comprising 100 parts by weight of a vinyl chloride 
resin; 20 to 150 parts by weight of thermoplastic polyurethane ; 
and 60 to 150 parts by weight of composite alkyl phthalic ester 
having the following chemical structure 
[Chemical Structure ] 




coo CnH2n + 1 
coo CmH2m-f i 



wherein m and n are 7 to 9. 
[0007] 

In the present invention, the vinyl chloride resin having 
an average polymerization degree of, for example, 700 to 2500 is 
used. If the average polymerization degree is less than 700, the 
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vinyl chloride resin is so poor in kneading ability and 
dispersibility that flow marks occur when it is molded. If the 
average polymerization degree exceeds 2500, the molding 
properties of the resin becomes so worse that the post-molding 
shrinkage of the molded article becomes high. The vinyl chloride 
resin may be used in combination with a cross-linked resin or a 
resin having a low polymerization degree. The vinyl chloride 
resin having an average polymerization degree of 1000 or more is 
preferable. In this case, the kneading ability and 

dispersibility become more excellent . 
[0008] 

The thermoplastic polyurethane which is made from polyester 
diol and isocyanate is used. Specifically a combination of 
adipic acid-1.4 buthanediol with hexameth'ylene diisocyanate is 
used. 

Twenty to one hundred and fifty parts by weight of the 
thermoplastic polyurethane is blended with 100 parts by weight 
of the vinyl chloride resin. If the thermoplastic polyurethane 
is less than 20 parts by weight, the peak temperature of the tan 
5 main dispersion can not be sufficiently shifted. If the 
thermoplastic polyurethane exceeds 150 parts by weight, the 
amount of the plasticizer to be added for the adjustment of 
hardness increases. As a result of this, the difference in 
viscosity between the vinyl chloride and the thermoplastic 
polyurethane increases. Accordingly, the dispersion properties 
of the thermoplastic polyurethane become worse. 
[0009] 

The composite alkyl phthalic ester (hereinafter referred to 
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as composite APE) is a plasticizer. The APE having the above- 
mentioned chemical structure wherein m and n are 7 to 9 is used. 
The APE in which m and n are 7 is dihexyl phthalate and the APE 
in which n and m are 8 is dioctyl phthalate. The APE in which 
m and n are 10 or more is not preferable since it causes bleeding 
on exposure to light when much APE is added. It is preferable 
that the percentage of the long chains of the ester portion 
(normal structure) in the APE be 80 % or more. 

Sixty to one hundred and fifty parts by weight of the 
plasticizer is blended with 100 parts by weight of the vinyl 
chloride. If not higher than 60 parts by weight of the 
plasticizer is blended, the molded article becomes higher in 
hardness and poor in flexibility. If the plasticizer exceeds 150 
parts by weight, the molded article becomes^ lower in hardness and 
causes bleeding, resulting in poor practicability. 
[0010] 

The composition may be added with a filler. It is 
preferable that such filler be plate-like material such as talc, 
mica, calcined clay, cheilion clay. Addition of the filler can 
improve the heat resistance and prevent the molded article from 
deforming at higher temperatures. 

Ten to one hundred parts by weight of filler is blended. to 
100 parts by weight of the vinyl chloride resin. If the filler 
is less than 10 parts by weight, the mechanical properties of the 
molded article, such as modulus are lowered and the post-molding 
shrinkage increases. If the filler exceeds 100 parts by weight, 
the physical properties of the molded article such as tensional 
modulus and elongation are lowered and the molding properties 
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become worse . 
[0011] 

[Operation and Effect] 

In the soft vinyl chloride vinyl resin composition of the 
present invention, the thermoplastic polyurethane is uniformly 
dispensed by mixing a given amount of the thermoplastic 
polyurethane with a specific soft vinyl chloride r,esin so that 
inherent mechanical properties of the soft vinyl chloride resin 
are effectively added with the mechanical properties such as 
toughness and modulus and excellent low temperature resistance 
which the thermoplastic polyurethane possesses. 

As a result of this, the tan peak temperature of the 
present composition is lowered below -lOT). The softness of the 
material can be kept even at -40 "^C and the modulus can be 
maintained less than a given value even at high temperature (100 
X^) . The characteristics which is not obtained in conventional 
soft vinyl chloride resin can be found. The composition of the 
present invention does not change its color on exposure to heat 
or lights since the aliphatic thermoplastic polyurethane is used. 
[0012] 

In accordance with the present invention, use of the 
thermoplastic polyurethane in combination with a given 
plasticizer provides a synergistic effect in the balance between 
the low-temperature resistance (glass transition temperature ) and 
the heat resistance (modulus at high temperature) . 

The low-temperature resistance is generally reciprocal to 
the heat resistance. They have a negative relationship 
therebetween is that the heat resistance is lowered as the low- 
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temperature resistance is improved. This relation can be 
considerably improved by blending the thermoplastic polyurethane 
in the soft vinyl chloride resin as mentioned above. 
Particularly, if alkyl phthalic ester having a ratio of 80 to 100 
% linear chain is applied as a plasticizer, a composition which 
is very excellent in balanced characteristics, and having the 
cold-temperature resistance and the heat resistance which are not 
predictable by the prior art can be obtained. 
[0013] 

If m and n which represent the molecular weight of the 
plasticizer are 7 to 9, a composition which is very excellent in 
long-term durability performances such as thermal aging 
resistance and resistance to light exposure as well as the 
balanced characteristics between the low- temperature resistance 
and heat resistance can be obtained. 

It can be considered that the reason why the synergistic 
effect can be obtained in the relation between the low- 
temperature resistance and the heat resistance in the present 
composition resides in that the synergistic effect is related 
with compatibility among the vinyl chloride resin, the 
plasticizer and the thermoplastic polyurethane resin. 

It is anticipated that the plasticizer is absorbed mainly 
by the vinyl chloride resin and the thermoplastic polyurethane 
is dispersed in a uniform of the vinyl chloride resin/plasticizer 
mixture. Although definite reasons are not clear yet, it is 
anticipated that when the plasticizer is used, the compatibility 
between the uniform vinyl chloride resin/plasticizer mixture 
becomes optimum so that the thermoplastic polyurethane is very 
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uniformly mixed and finely dispersed in the mixture. 

As mentioned above, in accordance wi^h the present 
invention, a soft vinyl chloride resin composition which is 
excellent low-temperature resistance, heat resistance and long- 
term durability can be provided. 

As mentioned above, in accordance with the present invention 
a soft vinyl chloride resin composition which is excellent in 
heat resistance and low-temperature resistance and may be used 
even at a place where the environmental temperature changes are 
large (for example -40 to 100 ^C) can be provided. 
[0014] 

[Examples] 

Examples and comparative examples of the present invention 
will be described. 

Loading ratios (parts by weight) of components in each 
example, and the result of measurements of the hardness, the 
tensile strength, the tensile elongation, the tan peak 
temperature (measure of glass transition point Tg of various 
components at room temperature, the tensional modulus at 100 
(the value of dyne per 1 cm^) and the resistance to light are 
shown in tables 1 to 4. 
[0015] 

The measurements of the tensional modulus, etc. are averaged 
values of the several measurements which were obtained by using 
test pieces (2 x 5 x 50 mm). The resistance to light was 
measured after exposure for 400 hours at 80^C in fade test. The 
heat resistance was measured by observing the appearance of test 
pieces after thermal treating for 500 hours at 80 °C. 
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In Tables 1 to 4, PVC and TPU represent vinyl chloride resin 
and thermoplastic po lyure thane , respectively. 

In all examples other than examples 11 and 12, PVC 
equivalent to that having an average polymerization degree of 
1300 was used and 100 parts by weight of PVC was loaded. On the 
other hand, in comparative examples, the PVC was similar to those 
in examples. 
[0016] 

In examples other than examples 1 to 6, 50 parts by weight 
of aliphatic thermoplastic polyur ethane was used. On the other 
hand, in comparative examples other than C3 and C5, 50 parts by 
weight of the thermoplastic polyurethane was loaded. In C3, the 
thermoplastic polyurethane was not loaded. In CI , 2 , 4, 7 to 10, 
aliphatic TpU was used. In C6, aromatic TPU in which the polyol 
component is an ester was used. In C5 , aliphatic polyurethane 
alone was used. 

A plasticizer, n-DOP (normal dioctyl phthalate in which m 
and n are 8 in the above mentioned chemical formula, manufactured 
by Kao K.K. or a trade name Rinebol phthalate in which n, m = 7 
to 9, PL 100 manufactured by Mitsubishi Gas Chemical K.K.) was 
used. In comparative examples C4, CI and C2 , Rinebol phthalate 
(m, n = 9 to 11, PL 200 manufactured by Mitsubishi Gas Chemical 
K.K.), DOP (manufactured by Toho Rika K.K.) and DBS (manufactured 
by Sanken Kako K.K.) were used, respectively. In C7 , DOA 
(manufactured by Toho Rika K.K.) was used. In C8 , Rinebol 
phthalate (m,n = 10 to 14, RH 100 manufacture by Mitsubishi Gas 
Chemical K.K.) was used. In C9 , DIPS (manufactured by Mitsubishi 
Gas Chemical K.K.) was used. In CIO, DNPP (manuractured by Kao 
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K.K.) was used. In C5, no plasticizer was used. 
[0017] 

The above mentioned thermoplastic polyurethane to be loaded 
was manufacture by warming treating polymerized pellets and 
thereafter pelletizing the same again. A term "warming treating" 
means heating treatment at 180 to 200 ^ by means of an extruder, 
etc. This treatment brings the thermoplastic polyurethane into 
transparent condition and enhances the processabili ty on kneading 
with soft vinyl chloride resin. 

Now, result of the measurement will be described. 

As is apparent from Tables 1 and 2, the hardness is as 
constant as 66 to 74 (Hs) in examples other than example 6, which 
showed preferable hardness. Example 6 presented 80 (Hs) which 
is a slightly high value. 
[0018] 

As is apparent from Table 3, the comparative example C5 
showed 92 (Hs). This shows that soft feeling was lost. 

The peak temperature of tan main dispersion which is a 
measure of the glass is as low as -17 °C to -43 ^C, which ranges 
to considerably low temperature in examples 1 to 12. In contrast 
to this, it is found that the compositions in comparative 
examples CI, C3 and C9 have poor low temperature properties and 
become brittle since the peak temperature of tan ^ main 
dispersion of CI, C3 and C9 is as high as not lower than -lO^C. 

The tensional modulus at 100 C is kept 1 x 10 dyn/cm^ 
which is a minimum seviceable strength in every example. It is 
preferable that the modulus not lower than 1.5 x lo'^ dyn/cm^ be 
kept . 
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[0019] 



-The compositions In all examples are good in resistance to 
light while the compositions in comparative examples C4, C8 and 
CIO caused bleeding and are not excellent in resistance to light. 

The compositions in all examples are good in heat resistance 
while the compositions in comparative examples CI, C2 and C7 have 
a great volatility weight loss. These have difficulty in 
serviceability. The reference marks Q X denote good and 
no good in resistance to light and heat resistance, respectively. 

Fig. I shows the relation between the low-temperature 
resistance (glass transition point) and the heat resistance when 
the kinds of the plasticizer are changed for a blend in which the 
vinyl chloride resin has a polymerization 'degree of 1300 and 50 
parts by weight of the thermoplastic polyurethane is loaded. 
[0020] 

It is found from Fig. 1 that alkyl phthalic ester having a 
linear chain ratio of 80 to 100 % and m and n representing the 
molecular weight are 7 to 11 which is used as a plasticizer is 
particularly excellent in balance between low temperature 
resistance and heat resistance and that alkyl phthalic ester 
having n and m which are 7 to 9 are excellent also in resistance 
to light. 

From the foregoing, a soft vinyl chloride resin composition 
in which the serviceable temperature range is widened to -40 *^C 
to 100 ^^C can be provided in accordance with the present 
invention. 

Therefore, a soft vinyl chloride resin component in which 
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the changes in physical properties are relatively less in a wide 
serviceable temperature range in which the environmental 
temperature change is 140^ and is excellent in heat resistance,, 
low temperature resistance, and long-term durability performance 
can be obtained in the foregoing examples. 
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[Brief Description of the Drawings] 

[Fig. 1] A graph showing the relation between the tan 
peak temperature and the tensile modulus at 100 in the 
examples. 

[Description of Reference Marks] 
Q . . . examples 
^ . . . comparative examples 

A . . . comparative examples (bleeding took plate after test 
of exposure to light) 
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[Title of Document] Abstract 
[Abstract] 

[Structure] A soft vinyl chloride resin composition comprising 
100 parts by weight of a vinyl chloride resin; 20 to 150 parts 
by weight of thermoplastic polyurethane ; and 60 to 150 parts by 
weight of composite alkyl phthalic ester having the following 
chemical structure 
[Chemical Structure] 



wherein m and n are 7 to 9 . 

[Effect] Since the above mentioned soft vinyl chloride resin is 
blended with an aliphatic thermoplastic polyurethane at a given 
loading, it is provided with excellent mechanical properties such 



inherently possessed by the thermoplastic polyurethane. The 
resin becomes very excellent in resistances to cold and heat and 
is excellent in long-term durability by blending a composite APE 
as a plasticizer. 




as toughness 



elasticity and resistance to cold which 



are 



[Drawing to be Selected] None 
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